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Effectiveness of seatbelts in improving passenger safety is a known
fact. Several studies including those by Houston and Richardson [1],
Connor et al. [2], and Thomas et al. [3] studied the effectiveness of safety
belt laws, level of enforcement, and amount of ﬁne on seatbelt usage
rates. Strine et al. [4] concluded that primary seatbelt laws are very
effective in increasing seatbelt use. Several studies have documented ad-
vantages of using seatbelts, variousmethods to quantify characteristics of
seatbelt usages using available resources and observational data [5–7].
Seatbelt usage is widely considered as one of the most important
factors in reducing crash severity at nighttime [8]. Several studies
show an increasing trend in driving under inﬂuence during night. This
is one of several factors which lead to the assumption that the usage
rate at night is lower than the daytime usage rates. Data from Fatality
Analysis Reporting System (FARS) indicate that the use of seatbelts
reduces the risk of fatal injury to front-seat passenger car occupants
by 45% and the risk of moderate-to-critical injury by 50% [9]. The
National Occupant Protection Use Survey (NOPUS) [10] conducted by
the National Highway Trafﬁc Safety Administration (NHTSA) reportsshkin@unlv.edu (P. Kachroo),
ssociation of Trafﬁc and Safety
and Safety Sciences. Production athat the nationwide belt use exceeds 80%. It is important to note that
all of the reported data are from daytime observations. Studies conduct-
ed in various states show that nighttime seatbelt usage rates are lower
than daytime usage. The state of Nevada conducts severalmedia and en-
forcement campaigns to improve seatbelt usage rates [6,11]. These eval-
uations are carried out only using daytime seatbelt usage observations.
Vivoda et al. [12] stated that the seatbelt usage rates among fatally
injured front-seat passengers were less than 35% between the hours of
10:00 PM. and 5:00 AM whereas belt usage rates among fatality-
injured passengers between 8:00 AM and 5:00 PM were about 55%.
Chaudhary et al. [13] conducted a study to compare day and nighttime
belt usage by means of night vision technology. The results from this
study showed that belt use during the day was 83.0% while belt use at
night was 76.6%.
2. Objective
The objective of this paper is to study the available resources in
estimating nighttime seatbelt usage rates and to develop a methodology
for nighttime data collection using data collected from Las Vegas
metropolitan area in Nevada. This includes identifying a methodology to
estimate the appropriate time of data collection and data collection
duration for efﬁcient and accurate estimation of nighttime seatbelt
usage rates that would be representative of overall nighttime usage rates.
3. Literature review
The ﬁrst step in this paper is to study all the available documents in
the area of nighttime seatbelt usage rates. NHTSA guidelines fornd hosting by Elsevier Ltd. All rights reserved.
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publications addressing issues associated with nighttime data collec-
tion. Four major studies were also found from the states of Connecticut,
Indiana, Pennsylvania, and New Mexico. Summary from each of these
works is provided below.
3.1. 1 NHTSA guidelines
Chaudhary et al. [14] illustrated various issues associatedwith night-
time seatbelt usage observations and listed solutions for these. The au-
thors explained steps involved in conducting nighttime observation
such as re-sampling of sites based on nighttime vehicle miles traveled
(VMT) data, re-weighting of daytime observation plan for nighttime
observations, observation protocols and issues associatedwith the actu-
al data collection in ﬁeld, scheduling, duration, observation techniques,
and limitations. All the information listed was very thoughtful and the
authors explained these concepts using examples from actual data
collected at various states. This document is a very useful starting
point for agencies planning for nighttime seatbelt usage estimation.
3.2. Connecticut
Connecticut's nighttime state-wide seatbelt survey was conducted
for 100 sites and was conducted from 9:00 PM to 3:59 AM [13]. Each
site was observed for 45 min. Night vision equipment was used for
nighttime observations when roadway lighting was insufﬁcient. To
supplement this equipment, handheld infrared spotlights, visible only
with the use of the night-vision goggles were used to illuminate the
roadway, making vehicle occupants visible for belt observations even
in total darkness. Apart from some changes nighttime procedures
were consistent with daytime procedures. Due to the operational
challenges of the equipment, observations were conducted by a two-
person team, with one person observing trafﬁc and the other recording
the results as stated by the observer. For estimating nighttime seatbelt
usage rates, Connecticut used weighting scheme to estimate nighttime
usage rates based on the volume data from all the sites included in the
survey.
3.3. Indiana
Indiana conducted nighttime seatbelt surveys at 113 sites for a
period of 55 min each [12]. A pair of observers was used to conduct
the survey in each site. One person in each data collection team
conducted observations, while the other entered data into a PDA.
Night vision equipments and infrared spotlight were used to enhance
the visibility during nighttimes. The nighttime survey was conducted
between 9:30 PM and 5:45 AM. Wherever possible (61 of 113 sites),
direct day-to-night matching of data was achieved (i.e., data were col-
lected from a speciﬁc site on the same night as when the daytime data
collection occurred). This study attempted to estimate state-wide
seatbelt use by using the daytime weighting scheme on nighttime
data. The guidelines required that weighting be representative of trafﬁc
volume and trafﬁc distribution across functional class and population.
3.4. Pennsylvania
In Pennsylvania, two cities, Reading and Bethlehem were selected
for nighttime seatbelt surveys with 20 sites in each city [8]. Reading
served as the treatment site and Bethlehem served as the comparison
location. Observations (day and night) were conducted for 45 min at
each site. Daytime observations occurred between 9:00 AM and
3:59 PM. Night observations took place between 9:00 PM and
3:59 AM. Twenty sites in each city were selected for the survey. When
lighting on the roadway was inadequate to make the observations,
night vision equipment was used. Similar to Indiana and Connecticut,
nighttime observations were done by a pair of observers, with oneperson observing trafﬁc (with the equipment) and the other recording
verbalized results from the observer. Selection of observation sites
was made from three functional classes of roadways: principal arterial
roadways, minor arterial roadways and urban collectors. The collected
data at each site were assigned an individual weight based on its
own VMT and additional weight based on the VMTs for the region (or
county) for the functional class it belonged to.
3.5. New Mexico
The annual state-wide survey of seatbelt use is conducted by the
New Mexico Department of Health during the month of June [15]. A
total of 108 sites were selected which represented the State's popula-
tion demographics and roadway travel. Daytime observations lasted
20 min each and were conducted between 7:00 AM and 7:00 PM,
whereas nighttime observations occurred between 9:00 PM and
3:59 AM at the same locations as daytime observations and usually on
the night following the daytime observations. Nighttime observation
periods lasted 45min in order to sample a sufﬁcient number of vehicles
given the lower trafﬁc volume at night. Observations at nighttime were
conducted by two observers.
Table 1 summarizes nighttime seatbelt observational studies
conducted. This shows that overall, except for the Connecticut pre-
campaign and Indiana post-campaign data, the daytime and nighttime
usage rates do not show a notable difference. Unlike other states, in
New Mexico, the observations were conducted only once.
3.6. Summary of literature review
Review of literature shows that collecting nighttime seatbelt usage
rates is a challenging process. Available resources indicate that each of
the states developed and followed its own process for data collection.
Most of these states used similar data collection process as that of the
daytime data collection, collecting data for speciﬁc time periods at
sites selected from the daytime observational sites. These states also
collected both daytime and nighttime seatbelt usage rates for estima-
tion and comparison purposes. NHTSA guidelines recommend having
a single data collection duration as a starting point, then increasing it
by 20 minute interval, if sufﬁcient samples are not collected. It considers
uniformusage throughout night at all sites. That is, by collecting seatbelt
usage data for a site for a short duration during any time of the night,
overall estimates of nighttime usage rate for that site could be estimated
using VMT-based weighted rates. Most of the existing studies did a
commendable job in estimating nighttime seatbelt usage rates with all
the constraints they faced in terms of limited observers, limited time
period, and limited equipments. These studies used time variance of
trafﬁc volumes at night to estimate ﬁnal area-wide usage rates.
TheNHTSAguidelines are an excellent resource for agencieswho are
initiating efforts on nighttime seatbelt estimation. They provide detailed
information required for overall planning, site selection, actual data
collection, and estimation. However, like any other guidelines, they
have their own limitations and scope. One major issue that agencies
face before actual data collection is the time of data collection and
duration whichwould represent the overall nighttime usage. Collecting
representative data is a critical element for this exercise. Any guidelines
on this aspectwould help these agencies to effectively estimate seatbelt
usage rates.
4. Review of Las Vegas nighttime seatbelt use study
Due to the disproportional presence of non-seatbelt usages in night-
time fatal crashes, the Nevada Department of Public Safety-Ofﬁce of
Trafﬁc Safety contacted the authors at the University of Nevada, Las
Vegas (UNLV) Transportation Research Center (TRC) to estimate repre-
sentative nighttime seatbelt usage rates for Las Vegasmetropolitan area
Table 1
Summary of reported nighttime seatbelt usage studies.
Item Connecticut Indiana Pennsylvania NewMexico
Reading Bethlehem
Pre Post Pre Post Pre Post Pre Post –
Observation period May-04 April-06 Jun-06 Aug-04 Oct-04 Aug-04 Oct-04 Jun-05
Number of sites 17 100 113 113 20 20 20 20 108
Number of observations 872 9075 3896 5003 1374 1360 996 893 5791
Observation time per site 45 min 45 min 55 min 55 min 45 min 45 min 45 min 45 min 45 min
Night vision equipment used Yes Yes Yes Yes Yes Yes Yes Yes Yes
Daytime seat belt usage (%) 78.7% 80.6% 79.7% 84.3% 56.0% 59.0% 69.0% 66.0% 86.6%
Nighttime belt usage (%) 66.5% 73.6% 79.0% 74.0% 50.0% 56.0% 64.0% 64.0% 80.4%
Difference 12.2% 7.0% 0.7% 10.3% 6.0% 3.0% 5.0% 2.0% 6.2%
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collect representative samples.
4.1. Site selection
In the absence of site selection criteria, daytime usage surveys were
considered as the starting point for site selection. Nevada redesigned
the entire seatbelt use observational methodology in 2007, to meet
the Code of Federal Requirements (CFR) speciﬁed in 23 CFR Part 1340
(also known as Section 157 surveys). Based on the daytime seatbelt
usage survey methodology, Clark County houses 29 observation sites.
Because of time and ﬁnancial constraints, conducting observations at
all of the 29 sites in Clark County was not practical. Since the objective
of this project was to collect a representative sample for nighttime
seatbelt usage and develop a methodology for future data collection, it
was decided to choose the ones with high VMT from each functional
classiﬁcation. All the intersections within the Las Vegas metropolitanFig. 1. Seatbelt obsarea were well-lighted. Therefore, night vision equipment was not
used for observation. Based on ﬁeld visits, sites with better observer
safety and those providing better views of the vehicle occupants were
selected. Efforts were made to ensure that sites in various categories
were selected and that they were well distributed within the Las
Vegas metropolitan area. The selected sites for nighttime observations
were:
(1) I 15 and Blue Diamond Rd (freeway)
(2) Lake Mead Blvd and Jones Blvd (major arterial)
(3) Pecos Rd and Sunset Rd (major arterial)
(4) Spring Mountain Rd and Torrey Pines Dr (minor arterial)
(5) Washington Ave and Nellis Blvd (minor arterial)
(6) Wigwam Pkwy and Arroyo Grande Blvd (collector)
Fig. 1 shows daytime seatbelt usage observation sites and sites
selected for nighttime seatbelt usage observations in the Las Vegas
metropolitan area.ervation sites.
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Since the purpose was to collect a representative sample of night-
time seatbelt usages, observations were conducted for an 8-hour
duration between 8:30 PM and 4:30 AM at each of the selected sites.
Additionally, daytime observations were made at these sites on the
same day for comparison purposes. The research team with the help
of trained observers conducted data collection at all of the six sites.4.3. Results of the observations
The overall nighttime seatbelt usage rate (for 8-hour time periods
for all the six sites), without considering weighted average was 81.3
for all occupants (drivers 80.4% and passengers 84.9%). These usage
rates are about ten percent value lower than the daytime average
usage rates. Figs. 2 and 3 show the usage rate distributions of drivers
and all occupants for each of the six sites. From these ﬁgures, it is clear
that the usage rate varies considerably over time of night.
Results from night seatbelt usage observations in Las Vegas metro-
politan area show that the usage rates vary by time of the night. This
means that based on time of the night the data were collected at a
particular site, the observed data could vary signiﬁcantly, resulting in
providing inaccurate estimates of nighttime seatbelt usage rates.
None of the existing documents addressed these concerns. Therefore,Fig. 2. Nighttime seatbelt usage of drivers.
Fig. 3. Nighttime seatbelt usage of all occupants.a methodology for collecting nighttime seatbelt usage data, which
takes into account the changes in seatbelt usage rates over nighttime,
would help various agencies in collecting representative nighttime
seatbelt usage data.
5. Methodology
As is evident from the data from the Las Vegasmetropolitan area, the
time atwhichdata are collected could affect the nighttime usage rate es-
timation. Overall methodology for developing guideline for nighttime
seatbelt usage data collection could be divided into two steps: 1) deter-
mining data collection time and recurrence; and 2) estimating data
collection duration each time. Data collection recurrence provides infor-
mation on how many times data need to be collected at each site for
obtaining representative samples. Each of these steps is illustrated in
the following sections.
5.1. Determining data collection time and recurrence
In order to determine seatbelt usage data collection time and recur-
rence, this paper proposes to use a well established mathematical
concept known as, Discrete Fourier Transform (DFT). The discrete
Fourier transform (DFT) converts a ﬁnite list of equally spaced samples
of a function (seat belt usage survey data), usually in time domain into
series of complex sinusoid frequency domain. In general DFT is themost
commonly used method to analyze the frequencies contained in
Fig. 4. N-point DFT of % seatbelt usage for Site 1.
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to compute DFT efﬁciently. As the sampled data is discrete and ﬁnite
in time domain, in this study, DFT is used to transform time domain
function to a frequency domain.
The discrete Fourier series representation of a periodic sequence x[n]
with fundamental period N is given by:
x n½  ¼
XN−1
k¼0
Cke
ikΩ0n ð1Þ
Ω0 ¼
2π
N
ð2Þ
where Ck are the Fourier coefﬁcients and are given by
Ck ¼
1
N
XN−1
n¼0
x n½ e−ikΩ0n ð3Þ
where N is the number of samples.
n is nth frequency sample
k is an integer, 0,1,2…N− 1
Ω is radian frequency sampling interval in rad/s
i is an imaginary unit satisfying i2 =−1.
For this study, it was assumed that a continuous time domain signal
sampled at Nyquist rate resulted in discrete time domain data. Nyquist
rate is the minimum frequency at which the signal is sampled in order
to reconstruct the original signal without any loss of information [17].
This technique is traditionally used in telecommunication and signal
processing. As shown in Figs. 2 and 3 there is an obvious variation of
seatbelt usage rates during nighttimes. Hence, DFT proves to be an apt
tool in analyzing nighttime seat belt usage. The purpose of DFT is to
help identify ideal time and the minimum data collection frequency
that is required to reconstruct the original usage rates for all time
periods. If the highest frequency F in the original signal is known,
the Nyquist–Shannon sampling theorem gives the lower bound on the
sampling frequency for signal to be restored. The lower bound to the
sampling frequency, 2F, is called the Nyquist rate.
5.1.1. DFT analysis
In this study, the nighttime seatbelt usage data collection periodwas
divided into 16 equally spaced periods, each period of 30 min (from
8:30 PM to 4:30 AM). This ensured that the number of data points in
the sampled data x[n] is constant i.e., N = 16. N values of 1, 2, 3, and
16 represent the time 8:30 PM to 9:00 PM, 9:00 PM to 9:30 PM,
9:30 PM to 10:00 PM,…, and 4:00 AM to 4:30 AM, respectively.
Therefore, a 16-point FFT is used to determine the frequency spectrum
of the signal. The frequency spectrum gives the magnitude of each
Fourier coefﬁcients as a function of frequency (f).
The total energy of the spectrum is computed by the equation:
E ¼
XN−1
k¼0
jCkj2 ð4Þ
where Ck is the coefﬁcient of energy corresponding to the kth point from
Eq. (3) and E is the total energy in the corresponding units.
In order to determine the time and frequency of data collection for a
site, nighttime seatbelt usage data from that particular site is used.
Magnitude of Fourier coefﬁcients are estimated for each of the data
points. For each of the frequency diagrams, there is a data point with
peakmagnitude. This peakmagnitude data point is called the dc compo-
nent. The corresponding energy at ‘dc’ component is represented by
E (dc). Once the dc component is identiﬁed, the next step is to estimateproportion of the energy contained in the dc component to the total
energy given by:
Proportion of E at dc ¼ Edc
E
ð5Þ
where Edc ¼ jCpeakj2:
Proportion of energy at dc indicates how effectively data at dc repre-
sents the whole dataset. The proportion of the energy contained in the
dc component alongwith the combined energy of the points equidistant
from the dc component to the total energy is determined by:
Proportion of E at dc including two points equidistant ¼ E1
E
ð6Þ
where; E1 ¼
Xkþ1
k¼k−1jCkj
2
:
5.1.2. Results of DFT
In order to explain the process illustrated in the previous steps,
nighttime seatbelt usage data from Site 1 is used. Fig. 4 shows the
frequency spectrum for Site 1 (for 16-point DFT). Fig. 4 shows that the
DFT of discrete time bound signal is symmetric. Fig. 4 also shows that
the peak magnitude is at N = 9, which corresponds to the period
between 00:30 AM and 1:00 AM (i.e., dc component) and that the
spectrum is symmetric around this point.
The total energy of the spectrum is calculated using the Eqs. (5) and
(6). After calculating the percentage share of dc component's energy to
the total energy (E), and the percentage share of E1's energy to the total
energy (E), it is evident that the most of the signal's energy is due to dc
component. The same process is repeated for all six sites. Table 2 shows
the summary of these calculations for both drivers and all occupants.
This shows that interestingly, for each of the sites the peak magnitude
is obtained at data point (dc point) corresponding to period between
00:30 AM and 1:00 AM.
Although previous step showed that time period between 00:30 AM
and 1:00 AM represents the sample data for all sites, Fig. 2 showed that
there are changes in the pattern of seatbelt usage before and after
00:30 AM. In order to gain more in depth understanding of the seatbelt
usage rate's behaviorwith respect to frequency, the sample datawas di-
vided into two halves with N1 and N2 being the number of data points,
respectively (both equal to 8). Here N1 and N2 represent time periods
Table 2
Edc/E and E1/E values of dc for all sites for N data Po.
Site # Location dc All drivers All occupants
N (16-FFT) N (16-FFT)
Edc/E E1/E Edc/E E1/E
1 1-15/Blue Diamond Rd 12:30 AM–1:00 AM 97.22 99.32 97.31 99.34
2 Lake Mead Blvd/Jones Blvd 12:30 AM–1:00 AM 94.98 98.23 94.29 98.22
3 Pecos Rd/Sunset Rd 12:30 AM–1:00 AM 95.79 95.94 95.59 95.86
4 Spring Mtn Rd/Torrey Pines Dr 12:30 AM–1:00 AM 99.34 99.39 99.47 99.51
5 Washington Ave/Nellis Blvd 12:30 AM–1:00 AM 98.48 99.46 98.04 99.29
6 Wigman Pkwy/Arroyo Grande Blvd 12:30 AM–1:00 AM 96.71 98.95 96.74 98.74
154 V. Vasudevan et al. / IATSS Research 38 (2015) 149–1568:30 PM–00:30 AM and 00:30 AM–4:30 AM, respectively. Figs. 5 and 6
show corresponding DFT's spectrum plots of N1 and N2 series, respec-
tively, for Site 1. These show that the peak magnitude is at N1 =
N2 = 5, which corresponds to the period between 10:30 PM and
11:00 PM for N1; and between 2:30 AM and 3:00 AM for N2. Similar
analyses were conducted for all six sites independently and the results
are tabulated in Table 3. Table 3 shows that for each of the sites, interest-
ingly, peak magnitude is at data point 5 for both N1 and N2.
In summary, this step provides information on the time at which
representative data for nighttime usage rates can be collected. Based
on the sites where data were collected in the Las Vegas metropolitan
data, this step shows that, in order to capture nighttime seatbelt usages
with conﬁdence, either one time interval in the period between
00:30 AM and 1:00 AM; or two sets of data collection periods: one
between 10:30 PM and 11:00 PM, and second between 2:30 AM and
3:00 AM can be used. Duration of data collection is estimated in the
next step.
5.2. Selecting data collection duration
Once the data collection time period is ﬁnalized, the next step is to
estimate minimum duration of data collection efforts to ensure that a
statistically signiﬁcant sample is collected.
It has been well established that trafﬁc follows Poisson distribution
[18] Therefore, Poisson distribution is used to estimate minimum
duration of data collection for each of the time periods.
Poisson distribution is deﬁned as:
f m;λð Þ ¼ λ
xe−λ
x!
ð7Þ
form= 0, 1, 2,….Fig. 5. N1-point DFT of % seatbelt usage for Site 1.Cumulative probability distribution is given by:
F m;λð Þ ¼
Xm
k¼0 f k;λð Þ: ð8Þ
Let ω be the basic time interval considered, λ0 be the number of
vehicles that pass duringω time, θ be theminimumnumber of observa-
tions required, and P be the probability of having θ number of observa-
tions. Now, given λ0, ω, θ, and P, and taking λ= mλ0, we have
ΔT ¼ ωm ð9Þ
where m = min {η ϵ N} such that F (θ, mλ0) N P. Here, η is a natural
number, F(⋅,⋅) is the cumulative Poisson distribution function, and N is
the set of natural numbers.
Assume the value of ω as 5 min and corresponding λ0 is estimated
from VMT data. It varies from site to site. In Nevada, VMT data is
published by Nevada Department of Transportation [19]. Table 4
shows hourly trafﬁc volume, and λ0. For the central limit theorem to
take effect, a minimum of θ= 30 observations are required. To have a
probability of at least 80% for θ observations, values of m and ΔT are
calculated using these steps. The results are shown in Table 5 along
with corresponding values of P.
Table 5 shows that observation duration at each site varieswith time
period. For each of the sites, duration to observe at least 30 vehicles is
estimated. Comparing values fromTables 4 and 5 shows that, as expect-
ed, the sites with higher trafﬁc volume require lesser time duration to
collect minimum sample size.
6. Results
Values from Tables 2 and 3 show, based on nighttime observations
from Las Vegas metropolitan area, that two sets of data collection
would be sufﬁcient to represent the entire seatbelt usage distributionFig. 6. N2-point DFT of % seatbelt usage for Site 1.
Table 3
Edc/E and E1/E values of dc for all Sites for N1 and N2.
Site # Location All drivers All occupants
N1 (8-FFT) N2 (8-FFT) N1 (8-FFT) N2 (8-FFT)
dc E fc/E Ej/E dc E fc/E Ej/E dc E dc/E Ej/E dc E dc/E Ej/E
1 I-15/Blue Diamond Rd 10:30–11:00 PM 99.92 99.92 2:30–3:00 AM 98.44 99.96 10:30–11:00 PM 99.06 99.97 2:30–3:00 AM 98.14 99.19
2 Lake Mead Blvd/Jones Blvd 10:30–11:00 PM 96.88 99.13 2:30–3:00 AM 94.89 96.55 10:30–11:00 PM 99.23 99.24 2:30–3:00 AM 95.14 96.55
3 Pecos Rd/Sun set Rd 10:30–11:00 PM 96.88 99.13 2:30–3:00 AM 94.89 95.55 10:30–11:00 PM 96.48 99.42 2:30–3:00 AM 94.93 95.51
4 Spring Mtn Rd/Torrey Pines Dr 10:30–11:00 PM 98.96 99.2 2:30–3:00 AM 99.8 99.93 10:30–11:00 PM 99.2 99.42 2:30–3:00 AM 99.78 99.86
5 Washington Ave/Nellis Blvd 10:30–11:00 PM 99.74 99.88 2:30–3:00 AM 98.38 98.76 10:30–11:00 PM 99.8 99.89 2:30–3:00 AM 98.12 98.52
6 Wigwam Pkwy/Arroyo Grande Blvd 10:30–11:00 PM 96.95 98.84 2:30–3:00 AM 97.97 98.53 10:30–11:00 PM 96.64 98.7 2:30–3:00 AM 98.07 98.34
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cases of N, N1, and N2 all the sites showed the same data collection
period, which may be the case for other cities. Table 5 shows that for
most sites, the data collection duration for the early half of nighttime
period is much shorter than that required during the second half of
later part of the night. For example, at site 1, a 5 minute duration obser-
vation between 10:30 PM and 11:00 PM would collect representative
sample for the early part of the night and a 15 minute interval during
the period between 2:30 AM and 3:00 AM would collect representative
sample for later part of night.When duration is over 30min, the remain-
ing duration should be made as close to that time period as possible.
This study illustrates one efﬁcient way to collect representative data
for nighttime seatbelt usage estimation. This shows that time of data
collection is extremely important in collecting representative sample.
Using the traditional methods of data collection might fail to provide
representative data. Although the process described in this paper is
labor intensive initially, once data is available for a base year, high
quality data could be collected more efﬁciently in the following years.
7. Discussion and conclusions
Nighttime seatbelt usage observation is a relatively new area of
research. There are not many resources available which address various
challenges that an agency should be aware of prior to initiating efforts in
this activity. The objective of this paperwas to develop anddemonstrate
amethodology to collect representative data of nighttime seatbelt usage
accurately and efﬁciently. This paper illustrated a newmethodology for
collecting nighttime seatbelt usages more efﬁciently using techniques
adapted from telecommunication and signal processing. Thismethodol-
ogy shows that, the ideal time period for data collection could vary from
site to site depending on the seatbelt usage pattern and trafﬁc volume.
Time duration of data collection varies from each other based on trafﬁcTable 4
Average hourly trafﬁc volume and values.
Site # Site description Average hourly trafﬁc volume
8:00–
9:00 PM
9:00–
10:00 PM
10
11
1 I 15 and Blue Diamond Rd 897 797 6
2 Lake Mead Blvd and Jones Blvd 706 567 4
3 Pecos Rd and Sunset Rd 813 626 4
4 Spring Mountain Rd and Torrey Pines Dr 1027 806 6
5 Washington Ave and Nellis Blvd 1613 1383 10
6 Wigwam Pkwy and Arroyo Grande Blvd 558 364 2
λ0 Value (5 min.)
8:00 PM–12:00 MN
1 I 15 and Blue Diamond Rd
2 Lake Mead Blvd and Jones Blvd
3 Pecos Rd and Sunset Rd
4 Spring Mountain Rd and Torrey Pines Dr
5 Washington Ave and Nellis Blvd
6 Wigwam Pkwy and Arroyo Grande Bh'dvolume. These results are based on nighttime observed usage rates from
the Las Vegas metropolitan area. The methodology illustrated in this
paper could be used to design data collection efforts by other agencies.
The authors hope that this paper would complement the efforts initiat-
ed by NHTSA and other federal and state agencies to develop action
plans for estimating nighttime seatbelt usage rates.
One of the major challenges for any agency to follow this procedure
would be the initial data collection requirement for the base year.
Collecting all-night seatbelt usage data for all the sites would not be
practical for most of the agencies because of the time and budget con-
straints. In those cases, data for representative sites for various road
classes could be collected for the base year to develop data collection
process, assuming that the usage patterns at the selected sites represent
the usage pattern of the region. Several statistical sampling techniques
are readily available to enable this selection process. Although this
would not provide a fool-proof technique, it is expected that the results
from such an effort would bemuchmore accurate than the results from
the present practices. In the following years, depending on available re-
sources, all-night data could be collected at some additional sites and re-
peat the exercise of identifying the time and duration of data collection
based on all the available data. This would help increase the number of
representative sites and hence improving the quality of the collected
data. Once representative nighttime usage rates are identiﬁed using
the methodology presented in this paper, area-wide of state-wide
nighttime usage rates could be estimated using weighted trafﬁc
volume-based techniques.
In this paper, the variations of usage rates by the day ofweek are also
not considered. By conducting a similar study at some representative
sites during weekends would provide a better understanding of the
usage patterns by day of the week. This study uses data from urban
area to demonstrate this methodology. In rural areas, challenges associ-
atedwith trafﬁc volume and usage rate variation by time of day and day:00–
:00 PM
11:00–
12:00 MN
12:00–
1:00 AM
1:00–
2:00 AM
2:00–
3:00 AM
3:00–
4:00 AM
62 558 441 338 295 279
35 301 210 128 119 112
79 363 276 184 138 131
49 535 429 286 244 276
65 741 528 330 280 303
40 160 95 58 51 47
12:00 MN–4:00 AM
36 17
25 7
29 9
38 15
60 18
17 3
Table 5
Values of n, ?T, and P.
Site # Site description 8:30 PM–12:30 AM 12:30 AM–4:30 AM
n ΔT (min.) P n ΔT (min.) P
1 115 and Blue Diamond Rd 1 5 81.9% 3 15 99.9%
2 Lake Mead Blvd and Jones Blvd 2 10 99.8% 6 30 96.7%
3 Pecos Rd and Sunset Rd 2 10 99.9% 4 20 81.9%
4 Spring Mountain Rd and Torrey Pines Dr 1 5 89.1% 3 15 98.8%
5 Washington Ave and Nellis Blvd 1 5 99.9% 2 10 81.9%
6 Wigwam Pkwy and Arroyo Grande Blvd 3 15 99.9% 10 60 81.9%
156 V. Vasudevan et al. / IATSS Research 38 (2015) 149–156of theweek are higher. However, thismethodology could be adapted for
rural areas as well, with slight modiﬁcations in the number of data
collection frequencies (may be three instead of one or two in urban
areas) and data collection period. As with any other data collection
efforts in rural areas, this would be challenging, but possible.
Disclaimer
The material for this paper is based on a study that beneﬁted from
funding provided by the NV-OTS. The opinions, ﬁndings, conclusions
or recommendations expressed in the paper are those of the authors
and donot necessarily reﬂect the views of Indian Institute of Technology
Kanpur, University of Nevada, Las Vegas or Nevada OTS.
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